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Abstract
Aim: To evaluate the peri-implant tissues in patients with two adjacent implant
crowns in the aesthetic zone, treated with either two adjacent implants with a scalloped
platform or with a flat platform.
Material and methods: Forty patients were randomly allocated to: (1) a ‘‘scalloped
implant group’’: 20 patients treated with two adjacent implants with a scalloped
platform, and (2) a ‘‘flat implant group’’: 20 patients treated with two adjacent
implants with a flat platform. Clinical and radiographic examinations were performed
during a 1-year follow-up period to assess hard and soft tissue changes.
Results: The scalloped implant group showed significantly more marginal bone loss
(scalloped: 2.7  1.4mm, flat: 0.9  0.8mm) and more inter-implant bone crest loss
(scalloped: 1.8  1.4, flat: 1.0  0.9mm) than the flat implant group. There was no
significant difference between the groups with regard to the papilla index and patients’
satisfaction.
Conclusion: After 1 year of function, there was more bone loss around scalloped
implants than around flat implants. With regard to the presence of papilla, there were
no differences between the groups. With both applied implant designs, it is difficult to
establish a predictable and harmonious aesthetic result, especially regarding the peri-
implant mucosa. Patients were very satisfied with the aesthetic outcome of the adjacent
implants irrespective of the treatment concept applied.
Key words: adjacent implants; aesthetics;
clinical trial; dental implants; patient
satisfaction; prospective
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During the last few years, the focus in
implantology has shifted from implant
survival to aesthetic success. The criter-
ia for implant success in the aesthetic
zone include the establishment of a soft
tissue contour with an intact interprox-
imal papilla and a gingival outline that
is harmonious with the gingival silhou-
ette of the adjacent healthy dentition
(Choquet et al. 2001). Despite the abun-
dance of surgical techniques available
currently, the creation of a predictable
papilla approximal of a single-tooth
implant and especially between two
adjacent implants in particular remains
a complex challenge (den Hartog et al.
2008, Kourkouta et al. 2009).
Whether interproximal papillae will
develop next to single tooth implants is
predominantly dependent on the level of
the marginal bone and the attachment
level of the neighbouring teeth (Grunder
2000, Kan et al. 2003). This also
explains why the creation of a papilla
between adjacent implants is even more
of a challenge as unlike approximal of
single-tooth implants, an inter-implant
papilla between implants is not sup-
ported by the marginal bone level of a
neighbouring tooth. In addition, the
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bone condition in many such cases is
also compromised. Among others,
because of the traumatic loss of the teeth
and/or the ongoing resorption of this
area, the characteristic interdental bone
peak is usually missing. In addition, it is
not uncommon that significant deficien-
cies of the horizontal or vertical hard
tissues are present in this area and are in
need of an augmentation procedure to
allow for reliable implant placement at a
location favourable for prosthodontic
rehabilitation. In other words, the place-
ment of two adjacent implant-supported
restorations in the aesthetic zone is still
considered a treatment with many
uncertainties whether a predictable har-
monious result can be established (Tar-
now et al. 2000, Kourkouta et al. 2009).
In an attempt to preserve the peri-
implant hard and soft tissues and there-
by make implant therapy in the aesthetic
zone more predictable, several new
implant designs were launched in recent
years. One of these solutions is the
scalloped implant, which was designed
to keep or create the interproximal bony
peaks that support the overlying soft
tissues and thereby aiming at a preserva-
tion or the creation of papillae. The
proximal scallops of the implant follow
the contour of the alveolar bone crest,
which is lower on the facial and oral
aspects but rises in the interproximal
areas. The ultimate goal of the scalloped
implant design is to minimize the remo-
delling seen around implants, thus sig-
nificantly improving the quality of
survival by maintaining three-dimen-
sional osseous and soft tissue contours
(Wohrle 2003). Articles reporting on
scalloped implants show contradicting
results. Some studies reported that the
interproximal bone crest with a scal-
loped implant design could be preserved
(McAllister 2007, Noelken et al. 2007),
whereas Kan et al. (2007) observed that
bone was not regularly maintained at the
original levels around the scalloped
implants. Moreover, Nowzari et al.
(2006) observed bone loss around the
scalloped implants that was more severe
than bone loss associated with properly
placed flat implant designs. To date,
there are no clinical prospective com-
parative studies in the literature, evalu-
ating the treatment outcome of adjacent
scalloped implants in the aesthetic zone.
When implants are placed in the
aesthetic zone, one of the primary out-
come measures should be patient satis-
faction. In the end, the patient has to be
satisfied with the new implant crown.
Several studies reported on patient satis-
faction regarding implant crowns (Levi
et al. 2003, Vermylen et al. 2003). All
these studies reported high levels of
patient satisfaction. However, if the
professionals’ opinion was also evalu-
ated, it was always less positive than the
patients’ opinion (Chang et al. 1999a,
Palmer et al. 2007). Furthermore, there
is a difference between patients and
professionals regarding which factors
are considered to be of decisive impor-
tance for a good aesthetic outcome
(Chang et al. 1999b, Meijndert et al.
2007a). As such, it is important to assess
the overall satisfaction of the patient
along with the evaluation of the peri-
implant hard and soft tissues.
Therefore, the aim of this compara-
tive randomized clinical trial was to
assess the clinical and radiographic
parameters in patients with two adjacent
implant crowns in the maxillary aes-
thetic zone, treated with either two
adjacent implants with a scalloped plat-




The patients selected for this study had
been referred to the Department of Oral
and Maxillofacial Surgery (University
Medical Center Groningen, University
of Groningen, Groningen, the Nether-
lands) for implant-based prosthodontic
rehabilitation of two adjacent anterior
maxillary teeth. All patients were 18
years or older and were included in the
study only after providing informed
consent. The study was approved by
the medical ethical committee of the
University Medical Center Groningen.
Patients were selected on the basis of the
following inclusion criteria:
 missing or lost teeth were an incisor
(central or lateral), a canine or a first
premolar in the maxilla;
 teeth missing were adjacent;
 healed site (at least 3 months after
tooth removal);
 sufficient bone was available for the
placement of two adjacent dental
implants (if required, a bone aug-
mentation procedure was performed
at least 4 months before implant
placement);
 sufficient space in the mesio-distal
dimensions was available for the
placement of two adjacent dental
implants (with the minimum dimen-
sions of 10  3.5mm) with an inter-
implant distance of 3mm and a
tooth–implant distance of at least
1.5mm;
 sufficient space in the mesio-distal,
bucco-lingual, and interocclusal
dimensions was available for the
placement of two functional implant
crowns with an anatomical design;
 implant site was free from infection.
Exclusion criteria for this study were
as follows:
 presence of medical and general
contraindications for the surgical
procedures;




 a history of local radiotherapy to the
head and neck region.
The experimental design of the study
was a comparative randomized clinical
trial.
Surgical and prosthetic procedure
To rehabilitate the missing adjacent
teeth, two treatment modalities were
applied: (1) the ‘‘scalloped implant
group’’ (test group), consisting of 20
patients treated with two adjacent
implants with a scalloped implant plat-
form (NobelPerfect Groovy; Nobel Bio-
care AB, Go¨teborg, Sweden), and (2)
the ‘‘flat implant group’’ (control
group), consisting of 20 patients treated
with two adjacent implants with a flat
implant platform (NobelReplace Groo-
vy; Nobel Biocare AB) (Fig. 1). When
deemed necessary, large recontouring
and overcontouring has been carried
out in a separate session to require a
2–3-mm-thick bone wall on the facial
aspect of the implants. Randomization
by minimization (Altman 1991) was
used to balance the possible prognostic
variables between the treatment groups.
Minimization was used for the location
of the implant site (two central incisors,
central and lateral incisor, lateral incisor
and canine or canine and first premolar)
and whether or not a pre-implant aug-
mentation procedure was indicated
based on a clinical and diagnostic cast
assessment. Both types of implants used
in this study were tapered and moder-
ately roughened to the top of the
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implants with a titanium oxide (TiUnite;
Nobel Biocare AB).
All patients were treated in the same
department (Oral and Maxillofacial
Surgery, University Medical Center
Groningen, University of Groningen,
Groningen, the Netherlands) by one
experienced oral-maxillofacial surgeon
and two experienced prosthodontists.
Pre-operatively, diagnostic casts were
made with a diagnostic arrangement
representing the future implant crown
in the ideal prosthetic position. Next,
this ideal crown position was translated
into a surgical template by fabricating a
transparent acrylic resin template (Ver-
tex Castapress; Vertex-Dental BV,
Zeist, the Netherlands). The surgical
guide was completed with a guide chan-
nel, which was prepared in the template
to aid proper implant placement. The
surgical template was tooth supported
and mimicked the desired emergence
profile of the future implant crown.
One day before implant placement,
the patients began using a 0.2%
chlorhexidine mouthwash (Corsodyl;
GlaxoSmithKLine, Utrecht, the Nether-
lands). One day before implant surgery,
patients started taking antibiotics
(amoxicillin 500mg, three times daily
for 7 days or clindamycin 300mg, four
times daily for 7 days in case of amox-
icillin allergy) and using a 0.2% chlor-
hexidine mouthwash (two times daily
for 7 days) for oral disinfection. Under
local anaesthesia (Ultracaine D-S Forte;
Aventis Pharma Deutschland GmbH,
Frankfurt, Germany), the implants
were placed, according to the manu-
facturer’s instructions, guided by the
surgical template. A mucoperiosteal
full-thickness flap was raised, which
provided a clear view of the (availability
and quality of the) hard tissues of the
surgery area. In the coronal-apical posi-
tion, the facial parts of the platforms of
both implant designs were placed 2–
3mm apical to the most apical portion
of the surgical template. The implants
were placed with a maximum of
45N cm torque. In the ‘‘scalloped
implant group’’, the interproximal peaks
of the implants were aligned towards the
interproximal bone, facing the adjacent
teeth or the adjacent implants. Align-
ment of the interproximal peaks of the
adjacent implants followed the natural
arch curvature instead of a straight line.
The final rotational alignment of the
scalloped implants was achieved using
the manual torque wrench (Nobel Bio-
care AB). Furthermore, when the bone
apposition area of the implants remained
uncovered after proper positioning in
the coronal-apical direction, a local aug-
mentation was performed. For this small
simultaneous augmentation procedure,
an autogenous bone graft, collected dur-
ing drilling (bone collected from the
grooves of the bur) or harvested intra-
orally, was combined with anorganic
bovine bone (spongiosa granules, 0.25–
1.0mm, Geistlich Bio-Osss; Geistlich
Pharma AG, Wolhusen, Switzerland)
and overlaid with a Geistlich Bio-Gides
resorbable bilayer membrane (Geistlich
Bio-Gides; Geistlich Pharma AG). The
wound was closed primarily with
sutures (Ethilon 5-0; Johnson & Johnson
Health Care, Piscataway, NJ, USA). For
pain control, 600mg ibuprofen (Brufen
Bruis 600; Abott BV, Hoofddorp, the
Netherlands) was prescribed, to be taken
three times daily if needed. Two weeks
following implant surgery, the sutures
were removed.
Three months after implant place-
ment, the implants were uncovered and
a healing abutment (Scalloped implant
group; NobelPerfect healing abutment
and flat implant group; NobelReplace
healing abutment, Nobel Biocare AB)
was placed.
Two weeks later, an open tray
impression was made at the implant
level using a custom acrylic resin
impression tray (Lightplast base plates;
Dreve Dentamid GmbH, Unna, Ger-
many) and a polyether impression mate-
rial (Impregum Penta; 3M ESPE, St.
Paul, MN, USA). In the dental labora-
tory, screw-retained provisional crowns
were fabricated, consisting of a tempor-
ary abutment (‘‘scalloped implant
group’’: temporary abutment titanium
NobelPerfect or the ‘‘flat implant
group’’: NobelReplace temporary abut-
ment Engaging; Nobel Biocare AB),
against which a veneering composite
(Solidex; Shofu Inc., Kyoto, Japan)
was modelled. One week after the
impression was made, the healing abut-
ments were removed and the provisional
crowns were placed and torqued to
32N cm. The provisional crowns were
contoured so that the peri-implant soft
tissue was optimally supported. Extra
care was given to the interproximal
areas; the interproximal papillae were
given enough space to regenerate. For 3
months, the patients visited the prostho-
dontist once per month for examination.
The most important objective during
these appointments was the creation of
Fig. 1. Illustration of the (a) flat implant design and (b) the scalloped implant design from a
proximal and (c) a buccal point of view.
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an ideal emergence profile of the provi-
sional crowns. When needed, the
crowns were unscrewed and adjusted
by removing or adding composite resin
to create more space or more support for
the peri-implant soft tissues.
Three months later (6 months follow-
ing implant placement, 3 months after
abutment connection), another implant-
level impression was made for the fab-
rication of the definitive crown. In the
dental laboratory, a soft tissue cast was
prepared. First, a waxing of the defini-
tive crowns was made on temporary
abutments (‘‘scalloped implant group’’:
temporary abutment titanium NobelPer-
fect or ‘‘flat implant group’’: NobelRe-
place Temporary Abutment Engaging;
Nobel Biocare AB). After that, the wax-
ing was cut back to the desired form and
scanned for the fabrication of individual
zirconia abutments (Procera; Nobel Bio-
care AB). As there were no individual
zirconia abutments available for the
NobelPerfect implants, an individual
titanium abutment was fabricated, cov-
ered by a zirconia coping (Procera;
Nobel Biocare AB). If the screw access
hole was located mid-palatinally, the
porcelain was added directly to the
abutment to create a screw-retained
crown. The crowns were placed and
the abutment screws were torqued to
32N cm. Finally, the screw holes were
filled with a cotton pellet and composite
resin (clearfil AP-x; Kuraray Medical
Inc., Okayama, Japan). If the access
hole was not located mid-palatinally, a
full ceramic zirconia crown was fabri-
cated separately. The screw-retained
abutments were torqued to 32N cm
and the crown was fastened on the
abutment with glasionomer cement
(Fuji Plus cement; GC, Alsip, IL, USA).
Clinical examinations
Pre-operatively (Tpre), 1 month (T0) and
1 year (T1) after the placement of the
definitive implant crowns, the soft tis-
sues around the adjacent implants and
their neighbouring teeth were clinically
examined by one and the same examiner
(N. T.) by assessing the following para-
meters:
 papilla index according to Jemt
(1997);
 pocket probing depth: the depth of
the sulcus was measured to the
nearest millimetre using a manual
periodontal probe (Williams Color-
Coded Probe; Hu-Friedy, Chicago,
IL, USA) at three locations around
the implants and the neighbouring
teeth (at the side of the neighbouring
teeth, midbuccally and at the side of
the adjacent implants).
Photographic examinations
Pre-operatively (Tpre), 1 month (T0) and
1 year (T1) after the placement of the
definitive implant crowns, clinical stan-
dardized photographs were taken from
the adjacent implant crowns and the
neighbouring teeth (Meijndert et al.
2004) (Figs 2 and 3). The photographs
were analysed by one and the same
examiner (N. T.) using computer soft-
ware to perform linear measurements on
the digital photographs. The known
length of a periodontal probe, which
was photographed together with the
dentition, was used for calibration.
The level of the marginal gingiva was
assessed to the nearest 0.1mm by mea-
suring (1) the vertical distance from the
incisal edge of the crown to the tip of the
papilla at the proximal side facing the
neighbouring teeth and (2) at the prox-
imal side facing the adjacent implants,
and (3) the vertical distance from the
incisal edge to the marginal border of
the gingiva assessed midbuccally.
Radiographic examinations
Two weeks after implant placement
(Tpost), 1 month after the placement of
the definitive implant crowns (T0) and 1
year after placement of the definitive
implant crowns (T1), digital periapical
radiographs (Planmeca Intra X-ray unit,
Planmeca, Helsinki, Finland) were taken
using a paralleling technique (Figs 4 and
5). A computer-assisted calibration was
carried out in the horizontal plane and, if
necessary, in the vertical plane for each
radiograph. In the horizontal plane, the
known dimension of the diameter of the
implant was used to calibrate the radio-
graph. When the implant was slightly
angulated, the radiograph was also cali-
brated in the vertical plane by using the
known distance of several threads as
Fig. 2. Picture of a clinical situation of two adjacent scalloped implants at TI.
Fig. 3. Picture of a clinical situation of two adjacent flat implants at T1.
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calibration. This calibration ensured a
correct measurement (Sewerin 1990).
The radiographs were analysed using
specially designed computer software
to perform linear measurements on the
digital radiographs (in cooperation
with the Department of Biomedical
Engineering, University Medical Cen-
ter, Groningen). Measurements were
excluded if one of the landmarks to be
determined could not be identified con-
fidently. In the vertical plane, the fol-
lowing linear measurements were
assessed to the nearest 0.1mm (Fig. 6):
 For the scalloped implant group: the
apical corners of the implant collar
were used as a reference line (line
ascal) and for the flat implant group:
the interface of the implant and the
abutment was used as a reference
line (line aflat) from which all dis-
tances were measured;
 The first bone to implant level: the
vertical distance between a and the
first bone to implant level, measured
at the implant side facing the adja-
cent implant (MBIi) and at the
implant side facing the neighbouring
tooth (MBIt);
 The bone level of the neighbouring
tooth: the vertical distance between
a and the first bone to tooth level
(MBT);
 The bone crest level: the vertical
distance between a and the most
coronal bone peak of the inter-
implant bone crest (BCi i) and the
most coronal bone peek of the bone
crest between the implants and their
neighbouring teeth (BCi t); and
 The incisal edge of the implant
crowns: the vertical distance
between a and the incisal edge of
the implant crowns (Ii).
In the horizontal plane, the inter-
implant distance: the distance between
the two adjacent implants was measured
at the height of the implant neck of the
two adjacent implants (HDi i).
The true marginal bone level for ‘‘the
scalloped implant group’’ was calcu-
lated by combining the radiographic
assessments with the known dimensions
of the NobelPerfect implants (Nobel
Biocare AB): the actual proximal
implant abutment interface was located
at the top of the interproximal scallops.
Therefore, the true marginal bone level
was calculated as the measured first
bone to implant level plus the actual
height of the scallops of the implant
collar, which is 4.01mm for the Nobel-
Perfect regular platform implants and
3.64mm for the NobelPerfect narrow
platform implants.
All measurements were performed
twice and the mean value was calcu-
lated. The error of the method used was
reported to be 0.13  0.01 (mm) for the
assessment of the radiographic marginal
bone height (Meijndert et al. 2004). All
radiographic assessments were per-
formed by a single observer (N. T.).
Implant crown aesthetic index
Aesthetic outcome by the professional
was rated using the Implant Crown
Aesthetic Index as described by Meijer
et al. (2005) by one and the same
examiner (K. S.). In this index, nine
items are judged, which have an influ-
ence on the aesthetic result. The items
are based on the anatomic form, colour
and surface characteristics of the
restoration and on the anatomic form,
colour and surface characteristics of the
peri-implant soft tissues. The index was
applied to both implants separately. To
assess the overall score, the implant
with the lowest index score was used
as the score per patient.
Patients’ satisfaction
A subjective appreciation of the final
result of the treatment was carried out
using a modified patient questionnaire
of the one used by Meijndert et al.
(2007a). The questionnaire comprised
an overall satisfaction score (range: 0–
10), two questions concerning the
implant-supported restoration and two
questions concerning the peri-implant
mucosa (possible score: 0–4).
Examiners were trained and cali-
brated for all outcome measures. Exam-
iners were blinded for the photographs.
The radiographic examination could not
be blinded, as the study group could be
deduced from these radiographs.
Statistical analysis
Sample size was calculated using Gnpower
version 3.1 (Faul et al. 2009). We consid-
ered 0.5mm of radiographic marginal bone
loss from implant placement to 18
months thereafter as a relevant differ-
ence between study groups. With an
expected standard deviation of 0.6mm
as derived from the literature (den
Fig. 4. Radiograph of two adjacent scalloped implants at T1.
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Hartog et al. 2008), a two-sided sig-
nificance level of 5% and a power
of 80%, a minimum of 34 patients
would be required (i.e., 17 per group).
To deal with a withdrawal, the mini-
mum number of patients per group was
set at 20.
The mean values and standard devia-
tions were calculated for the pocket
probing depth, change in marginal gin-
giva, marginal bone level and marginal
bone changes. Differences between the
groups were analysed using the indepen-
dent t-test. If the data violated the
assumptions of a normal distribution,
differences between the groups were
analysed using the Mann–Whitney test.
The frequency distribution of the papilla
index, patient satisfaction and the aes-
thetic index were calculated. Differences
between the groups were analysed using
the Mann–Whitney test. With regard to
the aesthetic index, differences between
the outcomes of the crown and the
mucosa were analysed using the Mann–
Whitney test. In all statistical tests, a
significance level of p5 0.05 was cho-
sen. Statistical analysis was performed
using Statistical Package for the Social
Sciences (SPSS, version 16.0 for Win-
dows; SPSS Inc., Chicago, IL, USA).
Results
Patients
Patient characteristics per group are
listed in Table 1, showing an equal
distribution of the balancing criteria
between the two groups. At T1, one
patient in the scalloped implant group
had passed away and in the flat implant
group one patient did not attend the 1-
year evaluation. The latter patient had
moved without leaving a new address
(Fig. 7).
Patients were included between Jan-
uary 2005 and February 2008.
Clinical and radiographic assessments
No implants had been lost at T1, result-
ing in a 100% survival rate in both
groups.
Pocket probing depth at the implants
and the neighbouring teeth are given
in Table 2, indicating that scalloped
implants were accompanied by higher
probing depths than flat implants. The
inter-group differences were significant
at all locations around the implants (the
proximal side facing the adjacent
implant, midbuccally and the proximal
side facing the adjacent tooth), as well at
T0 as at T1. The marginal gingiva levels
are shown in Table 3. During the period
between T0 and T1, the marginal gingiva
recession was significantly larger around
scalloped implants than flat implants at
the proximal side facing the adjacent
implant (p5 0.001) and midbuccally
(p5 0.02). During the period between
Tpre and T1, the loss in marginal gingiva
midbuccally of the neighbouring teeth
was significantly higher in patients of the
scalloped implant group than in patients
of the flat implant group.
The frequency distribution of the
papilla index is given in Table 4. The
differences between the two groups
were not significant.
Table 5 shows the results of the
marginal bone changes and the marginal
bone levels at T1. The marginal bone loss
was significantly higher around scal-
loped implants, with 2.7mm at the
approximal side facing the adjacent
implant and 2.6mm at the approximal
side facing the adjacent tooth than
around flat implants (0.9mm for both
approximal sides). The relatively high
marginal bone loss around scalloped
implants resulted in a significantly
more apically situated mean marginal
bone level at T1 (3.7mm from the micro-
gap at the side facing the adjacent
implant and 3.3mm apical from the
microgap at the side facing the adjacent
teeth).
The mean horizontal distance bet-
ween the two adjacent implants was
3.2  1.0mm and 3.8  1.1mm for the
scalloped implant group and the flat
implant group, respectively.
The results of the implant crown
aesthetic index are depicted in Table 6.
The overall score of the implant crown
aesthetic index resulted in no significant
differences between the groups. Patient
satisfaction was very high. The results
of the satisfaction questionnaire re-
vealed a mean overall score of 8.3 and
8.8 for the scalloped implant group and
the flat implant group, respectively
(Table 7).
Discussion
There was more bone loss, deeper pock-
ets and more marginal gingiva recession
Fig. 5. Radiograph of two adjacent flat implants at T1.
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around scalloped implants than around
flat implants. The inter-implant papilla
showed compromised regeneration in
both groups, with no differences
between the groups. With both applied
implant designs, it is difficult to estab-
lish a predictable and acceptable aes-
thetic result with two adjacent implant
crowns in the aesthetic zone. Neverthe-
less, patients were very satisfied with the
aesthetic outcome.
The implant survival rate for both
groups was 100% following 1 year of
function, which is in agreement with the
common opinion on implant survival
rates in the aesthetic region (Den Hartog
et al. 2008). The results of this study are
also comparable with the results of
articles reporting on implants with the
same titanium oxide surface (TiUnite)
as that used in the present study (Glau-
ser et al. 2003, Vanden Bogaerde et al.
2005) and implants with a scalloped
platform (Kan et al. 2003, Nowzari
et al. 2006). A comparison with articles
reporting on implant survival of adja-
cent implants could not be made
because there were no articles reporting
on survival rates.
The mean marginal bone loss around
the implants during the period Tpost–T1
was significantly higher for the scal-
loped implant group than that for the
flat implant group. The marginal bone
loss was 2.7mm at the approximal side
facing the adjacent implant and 2.6mm
at the approximal side facing the adja-
cent tooth for the scalloped implant
group and 0.9mm for both approximal
sides of the flat implant group. The
relatively high marginal bone loss
around scalloped implants resulted in a
mean marginal bone level at T1 of
3.7mm apical from the implant abut-
ment interface at the side facing the
adjacent implant and 3.3mm apical
from the microgap at the side facing
the adjacent teeth. This marginal bone
loss even exceeds the criteria of success
stated by Albrektsson et al. (1986),
proposing an average bone loss of a
maximum of 1.5mm in the first year
after insertion and thereafter o0.2mm
annual bone loss. The flat implant group
does meet these criteria of success.
Moreover, the mean marginal bone
loss of the flat implant group is compar-
able to the results of articles in the
literature reporting on the same implant
system used in single-tooth replacement
(Friberg et al. 2005, 2009).
The marginal bone level around the
scalloped implants seems to be less
stable than the marginal bone level
around flat implants. In the period
between T0 and T1 (7–18 months after
implant insertion), still a mean marginal
bone loss of 0.5mm at the proximal side
facing the adjacent teeth and 0.4mm at
the proximal side facing the adjacent
implants occurred around the scalloped
implants in comparison with 0.1mm at
the proximal side facing the adjacent
teeth and 0.0mm at the proximal side
facing the adjacent implant. It seems as
if the marginal bone level does not
follow the scalloped three-dimensional
platform of the implant design, as it was
meant to do. An explanation for the
excessive bone loss around the scalloped
implants might be that the lower lingual
and facial part of the implant platform
determines the marginal bone level
around the implant. Furthermore, the
mean inter-implant bone crest loss was
higher if scalloped implants were
applied. This is probably predominantly
the result of two factors. At first, the
higher mean marginal bone loss around
the scalloped implants probably results
in a larger horizontal component of the
peri-implant bone loss. Secondly, the
mean horizontal distance of 3.2mm
between adjacent scalloped implants
was significantly smaller than the mean
horizontal distance of 3.8mm between
adjacent flat implants. Moreover, there
were more patients in the scalloped
implant group with a horizontal distance
Fig. 6. Illustration of the linear measurements on radiographs in the vertical and horizontal
plane.
Table 1. Characteristics of the groups at baseline
Variable Scalloped Flat
Number of participants 20 20
Age (years; mean/range) 38.8/18–70 35.8/18–59
Gender (male/female) 9/11 11/9
Tooth gap position (I1 I1/I1 I2/I2C/C P1) 10/7/2/1 9/7/2/2
Augmentation before implant insertion (yes/no) 10/10 9/11
Local augmentation during implant insertion (yes/no) 13/7 12/8
Scalloped, scalloped implant group; Flat, flat implant group.
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smaller than 3mm than in the flat
implant group. This is partly due to the
design of the narrow NobelPerfect plat-
form implant, in this study placed at the
position of the lateral incisor. The
implant neck still has a diameter of
4.31mm instead of a diameter of
3.54mm of the narrow platform of the
NobelReplace implant. An inter-implant
horizontal distance smaller than 3mm
will result in larger vertical reduction of
the inter-implant bone crest, due to the
overlap of the resorption areas between
the adjacent implant (Tarnow et al. 2000,
Gastaldo et al. 2004). Given the continu-
ing bone loss around scalloped implants,
it could be that even after 18 months
(short-term evaluation period), some
Assessed for eligibility (n= 40) 
Excluded (n= 0) 
Analysed (n= 19)  
♦Excluded from analysis (n= 0)
Lost to follow-up (n= 1) 
• Reason: death of the patient 
Allocated to scalloped implant group (n= 20) 
♦Received allocated intervention (n= 20  )
Lost to follow-up (n= 1) 
• Reason:  patient moved without leaving a 
new address 
Allocated to flat implant group (n= 20) 
♦Received allocated intervention (n= 20  )
Analysed (n= 19)  




Randomized (n= 40) 
Enrollment 
Fig. 7. Consort flow diagram.
Table 2. Mean (SD) pocket probing depth values (mm) during the evaluation period













Implant Proximal side facing adjacent implant 4.4 (1.7)w 5.3 (1.5)w 3.6 (1.3) 3.8 (1.2) T0: p5 0.001, T1: po0.001
Midbuccally 4.1 (1.3) 4.0 (1.4) 3.1 (0.9) 3.3 (0.9) T0: po0.001, T1: po0.001
Proximal side facing adjacent tooth 4.7 (1.5) 4.9 (1.7) 3.4 (1.4) 3.3 (1.3) T0: p5 0.003, T1: po0.001
Tooth Proximal side facing adjacent implant 2.1 (0.8) 2.4 (0.6) 2.4 (0.7) 2.2 (0.8) 2.2 (0.6) 2.3 (0.6) NS
Midbuccally 1.7 (0.6) 1.5 (0.6) 1.6(0.8) 1.6 (0.6)z 1.3 (0.5)z§ 1.6 (0.6)z§ NS
Proximal side facing adjacent tooth 2.5 (0.8) 2.5 (0.6) 2.6 (0.8) 2.4 (0.6) 2.2 (0.5) 2.3 (0.6) T0: p5 0.03, T1: NS
nSignificance for the difference between the two treatment groups.
wp5 0.03 for the difference in the scalloped implants group between T0 and T1.
zp5 0.008 for the difference in the flat implant group between Tpre and T0.
§p5 0.005 for the difference within the flat implant group between T0 and T1.
Tpre, pre-implantation time; T0, 1 month after the placement of the definitive crown; T15 12 months after the placement of the definitive crown; NS, not
significant.
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bone loss could still occur. An extended
evaluation period is necessary to provide
an insight into this phenomenon.
Papilla index scores pointed towards
a compromised papilla presence. There
were no significant differences between
the groups. In both the groups, the inter-
implant papilla scored worse compared
with papillae between an implant and a
natural tooth with regard to the inter-
implant papilla. As the soft tissue fol-
lows the contour of the hard tissues, the
reduced inter-implant bone crest height
caused a compromised papilla forma-
tion. Next to the reduced bone crest
height, between two adjacent implants,
only a soft tissue height of 3–4mm
should be expected instead of a 5mm
soft tissue height between an implant
and a tooth (Gastaldo et al. 2004).
Together, these two features pre-
dominantly cause the compromised
papilla presence between two adjacent
implants.
The mean pocket probing depths
were deeper around scalloped implants
than around flat implants. At T1, the
mean pocket probing depths next to
the scalloped implants ranged from
4.0mm midbuccally to 5.3mm at the
proximal side facing the adjacent teeth,
whereas around the flat implants, the
mean pocket probing depths at T1 ran-
ged from 3.3mm midbuccally to 3.8mm
at the proximal side facing the adjacent
teeth. The results of the flat implant
group are comparable with the results
reported on single-tooth replacements
(Wennstrom et al. 2005). The studies
published on scalloped implants did not
report on pocket probing depth; there-
fore, it was not possible to compare the
results of the present study with the
literature. The significantly deeper
peri-implant pockets around the scal-
loped implants are most likely the result
of the more apical situated marginal
bone level around the scalloped
implants. The bottom of the peri-
implant pockets is determined predomi-
nantly by the marginal bone level,
whereas the top of the peri-implant
pockets is determined by the top of the
marginal gingival level. The marginal
gingiva is held up by the most coronal
level of the underlying bone, which is
assessed in this study as the inter-
implant bone crest level between two
adjacent implants and the implant–tooth
bone crest level between an implant and
its adjacent tooth.
The changes in the marginal gingiva
level around the flat implants that
occurred during the periods Tpre–T1
and T0–T1 were very small, indicating
that the soft tissues and their neighbour-
ing teeth remain rather stable during the
18 months after implant insertion. These
results are comparable with other stu-
dies reporting on single tooth replace-
ment (Jemt & Lekholm 2005, Meijndert
et al. 2008). During the period between
T0 and T1, marginal gingiva recessions
were significantly larger around scal-
loped implants at the approximal side
facing the adjacent implant and midbuc-
cally in comparison with flat implants.
The marginal gingiva levels around
scalloped implants seem to be less
stable, but changes are still relatively
small. During the period between Tpre




scalloped (n5 19) flat (n5 19) differencew scalloped (n5 19) flat (n5 19) differencew
Implant
Proximal side facing adjacent implant NA NA  0.3 (0.6) 0.1 (0.5) p5 0.001
Midbuccally NA NA  0.3 (0.5)  0.1 (0.5) p5 0.02
Proximal side facing adjacent tooth NA NA 0.0 (0.5) 0.1 (0.6) NS
Tooth
Proximal side facing adjacent implant  0.4 (1.0)  0.1 (0.6) NS 0.1(0.5)  0.1 (0.4) NS
Midbuccally  0.8 (0.7)  0.2 (0.5) po 0.001  0.2 (0.5)  0.1 (0.3) NS
Proximal side facing adjacent tooth  0.2 (0.6)  0.0 (0.6) NS  0.2 (0.4) 0.1 (0.3) NS
nNegative values indicate recession and positive values indicate gingiva gain.
wSignificance for the difference between the two treatment groups.
Tpre, pre-implantation time; T0, 1 month after placement of the definitive crown; T1, 12 months after placement of the definitive crown; Scalloped,
scalloped implant group; Flat, flat implant group; NA, not applicable; NS, not significant.
Table 4. Frequency distribution of the papilla index
Scorew Scalloped implant groupn Flat implant groupn
T0 T1 T0 T1
adjacent implants implant–tooth adjacent implants implant–tooth adjacent implants implant–tooth adjacent implants implant–tooth
0 5 0 6 1 5 0 5 2
1 8 8 9 4 10 8 8 4
2 6 25 4 19 4 23 5 24
3 1 7 0 14 1 9 1 8
4 0 0 0 0 0 0 0 0
Total 20 40 19 38 20 40 19 38
nNo significant differences were observed between the groups.
wScore 0, no papilla formation; Score 1, less than half of the papilla is present; Score 2, at least half of the papilla is present; Score 3, papilla fills the entire
approximate space; Score 4, abundance of papilla.
T0, 1 month after the placement of the definitive crown; T1, 12 months after the placement of the definitive crown.
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and T1, the loss in marginal gingiva
midbuccally of the neighbouring teeth
was higher in patients of the scalloped
implant group than in patients of the flat
implant group. No logical explanation
could be provided for this difference
between the groups because the implant
insertion procedure did not differ
between the groups.
With regard to the overall outcomes
of the implant crown aesthetic index,
there were no differences between the
groups. The implant mucosa was rated
as significantly worse when compared
with the implant crown. The relatively
low scores of the implant mucosa are
predominantly caused by the large
amount of gross deviations with regard
to the position of the approximal papilla
observed in both the groups. Further-
more, the position of the labial gingiva
and the colour and surface of the labial
mucosa showed some major and several
minor deviations, also contributing to
the relatively low mucosa score. The
compromised papilla presence was
already observed and explained with
the papilla index. Moreover, in the case
of adjacent missing teeth, the bone con-
dition at the start of treatment is often
compromised; due to resorption, the
characteristic interdental bone peak is
missing. Moreover, in both groups, in
more than half of the patients, the hor-
izontal or vertical deficiencies were to
the extent that an augmentation proce-
dure was performed before implant sur-
gery (Table 1). As a result, the mucosa
had to undergo several traumatic sur-
geries. The compromised situation at
start and the several traumatic surgeries
also might have contributed to the devia-
tions found with regard to the position of
the labial gingiva and the colour and
surface of the labial mucosa. When the
overall scores of the aesthetic index of
this study were compared with the out-
comes of a previous study reporting on
single tooth replacement and also apply-
ing the aesthetic index (Meijndert et al.
2008), adjacent implant crowns yield
worse aesthetic outcomes than implant
crown single tooth replacements.
Patient satisfaction was very high,
resulting in mean overall scores of 8.3
(range: 0–10) for the scalloped implant
group and 8.6 for the flat implant group,
with no differences between the groups.
In accordance with the professionals’
opinion, patients also rated their mucosa
worse than their implant crowns.
Although the professionals’ opinion
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was very high, with an acceptable result
in all cases. This difference in opinion is
in agreement with earlier studies con-
cerning single-tooth replacement (Pal-
mer et al. 1997, Chang et al. 1999b). A
reason why the patients appreciated
their aesthetics could be that they were
informed of the consequences and risks
of implant placement before treatment
and accepted the limitations of the treat-
ment. Additionally, in comparison with
the condition of their dentition before
treatment, the final result was probably
very satisfactory according to the
patients’ opinion, and factors often con-
sidered by professionals to be of signifi-
cance for the aesthetic result of
restorative therapy may not be of deci-
sive importance for patient satisfaction
(Chang et al. 1999a).
Long-term research is needed to
assess the stability of the peri-implant
hard and soft tissues of adjacent
implants in the aesthetic zone. Further-
more, it would be interesting to assess
the effects of other promising implant
designs such as platform switching on
peri-implant tissues around adjacent
implants in the aesthetic zone by means
of a randomized clinical trial.
From this study, it is concluded that
after 1 year of function, there was more
bone loss, deeper pockets and more
surrounding peri-implant mucosa reces-
sion around scalloped implants than
around flat implants. With regard to
papilla presence, there were no differ-
ences between patients treated with two
adjacent scalloped implants or with two
adjacent flat implants. With both applied
implant designs, it is difficult to estab-
lish a predictable and acceptable aes-
thetic result, especially regarding the
peri-implant mucosa, with two adjacent
implant crowns in the aesthetic zone.
Considering the critical opinion of the
professionals, patients were very satis-
fied with the aesthetic outcome of the
adjacent implants irrespective of the
treatment concept applied.
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Scientific rationale for the study:
Dental implants are widely used to
replace missing anterior teeth. In an
attempt to preserve the peri-implant
hard and soft tissues and thereby
make implant therapy in the aesthetic
zone more predictable, several new
implant designs were launched in
recent years. One of these solutions
is the scalloped implant, which was
designed to keep or create the inter-
proximal bony peaks that support the
overlying soft tissues and thereby
aiming for a preservation or the
creation of papillae.
Principal findings: After 1 year of
function, there was more bone loss
around scalloped implants than
around flat implants. There was no
significant difference between the
groups with regard of the papilla
index and patients’ satisfaction.
Practical implications: Scalloped
implants do not meet the desired
goal of keeping or creating interprox-
imal bone levels.
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